Watershed integrity is the capacity of a watershed to support and maintain the full range of ecological processes and functions essential to sustainability. Using information from EPA's StreamCat dataset, we calculated and mapped an Index of Watershed Integrity (IWI) for 2.6 million watersheds in the conterminous US with first-order approximations of relationships between stressors and six watershed functions: hydrologic regulation, regulation of water chemistry, sediment regulation, hydrologic connectivity, temperature regulation, and habitat provision. Results show high integrity in the western US, intermediate integrity in the southern and eastern US, and the lowest integrity in the temperate plains and lower Mississippi Valley. Correlation between the six functional components was high (r = 0.85-0.98). A related Index of Catchment Integrity (ICI) was developed using local drainages of individual stream segments (i.e., excluding upstream information). We evaluated the ability of the IWI and ICI to predict six continuous site-level indicators with regression analyses -three biological indicators and principal components derived from water quality, habitat, and combined water quality and habitat variables -using data from EPA's National Rivers and Streams Assessment. Relationships were highly significant, but the IWI only accounted for 1-12% of the variation in the four biological and habitat variables. The IWI accounted for over 25% of the variation in the water quality and combined principal components nationally, and 32-39% in the Northern and Southern Appalachians. We also used multinomial logistic regression to compare the IWI with the categorical forms of the three biological indicators. Results were consistent: we found positive associations but modest results. We compared how the IWI and ICI predicted the water quality PC relative to agricultural and urban land use. The IWI or ICI are the best predictors of the water quality PC for the CONUS and six of the nine ecoregions, but they only perform marginally better than agriculture in most instances. However, results suggest that agriculture would not be appropriate in all parts of the country, and the index is meant to be responsive to all stressors. The IWI in its present form (available through the StreamCat website; https://www.epa.gov/ national-aquatic-resource-surveys/streamcat) could be useful for management efforts at multiple scales, especially when combined with information on site condition. The IWI could be improved by incorporating empirical or literature-derived relationships between functional components and stressors. However, limitations concerning the absence of data for certain stressors should be considered.
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Introduction
Watersheds encompass all biotic and abiotic components -including people -within their boundaries (sensu Likens, 1992) , and provide a range of services valued by society (Costanza et al., 1997; Kumar, 2010; Costanza et al., 2014) . These include supporting services (e.g., soil formation, nutrients, and primary production), provisioning goods and services (e.g., food, water, wood, fiber, and fuel), regulating services (e.g., climate regulation, flood regulation, and water purification), and cultural services, such as recreation and spiritual activities (de Groot et al., 2002; Millennium Ecosystem Assessment, 2005) . Thus, watersheds are a foundation of our cultural, economic, spiritual, and social well-being (Likens et al., 2009) and, as such, should be a critical focus of water resource management. However, the quality and quantity of services generated by watersheds are rapidly declining (Farber et al., 2002 ) because of accelerating rates of land-use change, water consumption, and climate change inter alia. Some of the greatest threats to freshwater ecosystems globally are modifications caused by anthropogenic activities on aquatic ecosystems and their watersheds (Allan, 2004; Dudgeon et al., 2006; Vörösmarty et al., 2010) . The deteriorating state of global freshwater biodiversity reflects these impacts (Dudgeon et al., 2006; Butchart et al., 2010) .
Evaluating the overall condition of a watershed represents a societal and a scientific challenge, because watersheds are used and managed for a diverse, interrelated range of activities. Many of these services are directly related to the flow and function of water and its constituents within watersheds. Governments recognize the stress that humans can place on the finite natural resources of watersheds and have progressively implemented policies intended to assure greater sustainability of water-dependent services. Early policies focused on specific impacts (e.g., point-source pollutants), the over-use of certain resources, protection, or habitat restoration (U.S. EPA, 1996) . However, these early efforts often failed to address chronic problems that contribute to longer-term declines in the structure and function of watersheds; for example, pollutants associated with non-point runoff from urbanized and agricultural areas. Moreover, the focus on individual resources or habitats usually fails to recognize watersheds as complete, intra-connected systems. The advent of watershed initiatives in the 1990s brought more holistic and interdisciplinary approaches to watershed management (Mitchell, 1990; Cairns and Crawford, 1991; Noss, 1995; Karr, 1996; Kenney, 1997; Hull et al., 2003) . These initiatives also raised awareness of the need for methods that could be used to assess the condition, or integrity, of systems at the larger watershed scale.
Existing definitions of 'integrity' for river ecosystems have been developed for assessments at the reach or site scale and usually for particular species, such as fish or macroinvertebrates. These scales, however, are inappropriate for defining integrity at the watershed scale. Further, existing assessments of endpoints do not indicate the source of impairment. Lately, the use of the term 'watershed integrity' to identify and describe desirable watershed management endpoints has increased (U.S. EPA, 1998; Novotny and Smith, 2004; U.S. EPA, 2012b; Van Abs, 2013). However, ambiguity exists as to what this term actually means. More recently, Flotemersch et al. (2016) defined watershed integrity as the capacity of a watershed to support and maintain the full range of ecological processes and functions essential to the sustainability of biodiversity and of the watershed resources and services provided to society. However, definitions alone do not support the quantification of differences in watershed characteristics between areas, measurement of changes in state over time, or specification of the level at which efforts could be made to preserve or restore integrity (Noss, 1995) . Flotemersch et al. (2016) defined an operational Index of Watershed Integrity that used a human health analogy to identify six key watershed functions: (1) hydrologic regulation (HYD), (2) regulation of water chemistry (CHEM), (3) sediment regulation (SED), (4) hydrologic connectivity (CONN), (5) temperature regulation (TEMP), and (6) habitat provision (HABT) ( Table 1 and Fig. 1 ). Furthermore, they identified specific risk factors, or stressors, which impact these six key functions. An advantage of this approach is that the index can be readily deconstructed to identify factors influencing index scores, thereby directly supporting the strategic adaptive management of individual components that contribute to watershed integrity. Moreover, the approach can be iteratively applied and improved as new data and information become available.
Data resulting from a national-scale mapping and assessment of watershed integrity is of value to states and watershed organizations initiating healthy watershed programs (U.S. EPA, 2012a). These programs augment the watershed approach with proactive, holistic aquatic ecosystem conservation and protection designed to conserve critical components of watersheds and, therefore, avoid additional water quality impairments in the future. A national evaluation of watershed integrity also helps identify watersheds with high integrity, as well as those at risk, and helps to prioritize conservation and restoration. It will also provide high quality information at a broad spatial scale that will allow ecosystem management to focus on achievable and measureable outcomes underpinned by quality science.
The goal for this research was to calculate an Index of Watershed Integrity (IWI) and map its distribution for the conterminous United States (CONUS), following the conceptual model and definition of watershed integrity by Flotemersch et al. (2016) . Our specific objectives were to (1) develop a national map of IWI based on the approach by Flotemersch et al. (2016) , (2) et al. (2016) suggested that their formal definition of watershed integrity could provide a management tool that addressed whether existing watershed infrastructure supported sustainability goals. However, Flotemersch et al. (2016) understood that such a formal definition, by itself, would not allow for quantitative comparisons of watershed characteristics or changes over time. Instead, they recognized the need for an operational definition that would (1) identify key elements and processes necessary for maintaining production of watershed services, and (2) be capable of evaluating the presence of these key elements using existing datasets that are broadly available. One approach for developing such an assessment would be to compare watershed characteristics to unaltered (i.e., reference) watersheds. However, since all watersheds are altered to some degree -and in many cases significantlyreference condition represents least degraded condition (Stoddard et al., 2006) , rather than unaltered condition. As a result, Flotemersch et al. (2016) proposed a conceptual approach that did not require reference watersheds. The approach proposed by Flotemersch et al. (2016) was borrowed from the human health field and identified key functions that watersheds provide and risk factors (or stressors) that have been shown to interfere with these functions. This approach is similar to identifying cardiopulmonary function as a key component of human health and high cholesterol as a risk factor associated with heart disease. Given the six functional components of watersheds, Flotemersch et al. (2016) defined an Index of Watershed Integrity as follows:
where IWI represents an Index of Watershed Integrity that ranges from 0 to 1, with higher values having greater integrity, and IWI i represents the ith functional component. The IWI was defined as a product of the six functional components because each is a critical element of watershed integrity. Therefore, the components are not substitutable; a complete loss of any one component will cause watershed integrity to decline to zero. The integrity of each of these components depends on multiple stressors that can impact their functionality. Given that, IWI i,w is defined as: 
where IWI i,w is the integrity of the ith functional component in watershed w; s j,w is the observed value of stressor j in watershed w; s j,max is the maximum value of stressor j across the conterminous US (with s j,w /s j,max ranging from 0 for unaltered to 1 for highest impact); n i,w is the number of stressors affecting function i in watershed w; and g i,j is a single-variable mathematical function that describes the relationship between function i
